The applicability of the combined nearly ideal binary solvent/Redlich-Kister (CNIBS/R-K) equation for correlation of various solvatochromic parameters (SP) with composition is shown employing 84 experimental data sets for aqueous and organic binary solvent systems at temperatures ranging 15 to 75 ºC. The model provides a simple computational model to correlate/predict different SP values in various binary solvent systems. In proposed equations, MPDs (mean percentage deviations) are between 0.0500% and 6.9591% in mixtures of dimethyl sulfoxide with 2-methylpropan-2-ol and benzene with 2-methylpropan-2-ol, respectively. Correlation of the calculated and experimental values of various SP give an equation with an overall mean percentage deviation (OMPD) of 1.1900, R 2 = 0.99692, s.e = 0.01223 and F = 341925.51. Approximately 70% of the calculated SP values have IPD (individual percentage deviation) lower than one and it is possible to predict unmeasured SP values by using only eight experimental data.
Introduction
The energetic level of molecules may be modified by interactions with surrounding molecules and it may be difficult to relate chemical properties to molecular structures. [1] [2] [3] [4] [5] The solvent effects play a key role in many chemical and physical processes in solutions. The strong influence of solvent on chemical and physical processes (reaction rates, selectivity, chemical equilibria, position and intensity of spectral absorption bands and liquid chromatographic separations) has been well established. 1 The study of solutesolvent interactions in binary mixtures is more complex than in pure solvents, because the solute can interact to a different degree with the components of the mixture, and this difference in the interactions is reflected in the composition of the microsphere of solvation. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] The use of solvatochromic indicators is a suitable method for studing solute-solvent interactions, since the transition energy of the indicators depends on the solvation's sphere composition and properties. 1, 16 The solvatochromic parameters (E T (30) , π*, β and α) are calculated from the maxima of absorbance of the indicators, expressed in wavenumber as kK (1 kK = 1000 cm −1 ). The E T (30) betaine dye is the solvatochromic indicator most widely used. It was proposed by Reichardt for measuring empirically the polarity of solvents. This indicator is sensitive to the dipolarity/ polarizability (π*) and hydrogen-bond-donor capability (α) of the solvent. The Kamlet-Taft parameters of dipolarity/ polarizability, hydrogen-bond donor acidity and hydrogenbond acceptor basicity (β) were calculated from the wavenumbers of maximum absorption of the UV-Vis spectroscopic shifts of appropriate solvatochromic indicators. [17] [18] [19] [20] The problem in studing solvent effects on various physico-chemical properties is to identify and to assess the relative importance of various parameters of media on the properties of interest. 8, 11, 13 Solvatochromic parameters are demonstrated to be successful in correlating a wide range of chemical and physical properties involving solute-solvent interactions as well as biological activities of compounds. 1, [6] [7] [8] [9] [10] [11] [12] [13] Because of their empirical origins, their ability to make a priori predictions have been somewhat limited. Also infinite number of different solvent compositions can be prepared for particular binary solvent systems. For these reasons the prediction of solvatochromic parameters in mixed solvents based on a minimum number of experiments provides a useful computational tool. In order to mathematically represent the effects of composition on the various solvatochromic parameters in mixed binary solvent systems, the combined nearly ideal binary solvent/Redlich-Kister (CNIBS/R-K) equation has been applied for experimental data of these parameters. This model has been used to correlate accurately different physicochemical properties in mixed solvent systems; including solubility behavior of polycyclic aromatic hydrocarbons in binary organic solutions, solubility of drugs in watercosolvent mixtures, multiple solubility maxima, solubility at various temperatures, chemical stability of drugs, acid dissociation constants of analytes, electrophoretic mobility of analytes and very recently dielectric constant of mixed solvents in binary and ternary solvent systems. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] A theoretical basis for CNIBS/R-K model was provided earlier. 21 The aim of this article is to evaluate the accuracy and applicability of the CNIBS/R-K model for calculating various solvatochromic parameters (E T N , α, π* and β) in various aqueous and organic binary solvent systems, at temperatures ranging 15-75 ºC.
Theoretical Treatment
The CNIBS/R-K model provides a simple method to correlate/predict the excess molar properties of a solute in a binary and ternary solvent systems in terms of weighted mole fraction average of solute properties in the pure solvents and contributions of solute-solvent and solventsolvent interactions. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] The proposed model to calculate the solvatochromic parameters (SP) in a binary mixed solvent system at a constant temperature is expressed as:
in which SP m , SP 1 º and SP 2 º are solvatochromic parameters in mixed, pure solvents 1 and 2, respectively. Also ƒ 1 and ƒ 2 refer to volume fractions of binary solvent system. 29 One can use the mole/weight fractions of the solvents instead of the volume fractions. Although the numerical values of the curve-fitted parameters affected by employing mole/weight or volume fractions, in practice using the volume fractions in solvent blending is more common than the weight or mole fractions. M j is model constant representing two-body and three-body interactional terms. The numerical values of j can be varied between 0-3 in order to present an accurate mathematical representation of experimental data. The numerical values of M j can be computed by fitting the experimental values of SP m −(ƒ 1 SP 1 º + ƒ 2 SP 2 º) against ƒ 1 ƒ 2 , ƒ 1 ƒ 2 (ƒ 2 −ƒ 1 ), ƒ 1 ƒ 2 (ƒ 2 −ƒ 1 ) 2 and ƒ 1 ƒ 2 (ƒ 2 −ƒ 1 ) 3 by using no intercept multiparameter least squares analysis. 32 To assess the accuracy of the equations, the experimental values of the solvatochromic properties were fitted into the equation and the mean percentage deviation (MPD) between experimental and calculated values is considered as an accuracy criterion. MPD defined as:
where N is the number of experimental data points in each set. SP i exp and SP i cal are experimental and calculated values of SP. The mean value of MPDs is denoted as overall MPD (OMPD) and is given by:
where n is the number of experimental data sets. The individual percentage deviation (IPD) is also calculated by:
Results and Discussion
In order to evaluate the accuracy of the proposed model, As can be seen from the statistics of the proposed equations, the model is statistically valuable. In Table 2 , the experimental and calculated values of E T N , α, π* and β in aqueous solutions of ethanol along with IPD have been shown in various volume fraction of ethanol (ƒ 2 ) at 25 ºC.
Correlative equations at various temperatures are also acceptable. For example these equations in solutions of methanol with dimethyl sulfoxide are as follow: t = 15 °C E T N = 0.449ƒ 1 + 0.766ƒ 2 + 0.427(±0.008)ƒ 1 ƒ 2 + 0.186(±0.003) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) + 0.162(±0.036) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) 2 + 0.171(±0.076) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) 3 (9) (n = 9, R 2 = 0.999999, s.e = 0.002198, F = 787388.40, MPD = 0.2479) t = 30 °C E T N = 0.440ƒ 1 + 0.749ƒ 2 + 0.416(±0.005)ƒ 1 ƒ 2 + 0.157(±0.018) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) + 0.08947(±0.021) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) 2 + 0.09793(±0.045) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) 3 (10) (n = 9, R 2 = 0.999996, s.e = 0.001292, F = 2162199.42, MPD = 0.1660) t = 50 °C E T N = 0.427ƒ 1 + 0.733ƒ 2 + 0.369(±0.006)ƒ 1 ƒ 2 + 0.155(±0.012) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) + 0.09212(±0.027) ƒ 1 ƒ 2 (ƒ 2 − ƒ 1 ) 2 (11) (n = 9, R 2 = 0.999991, s.e = 0.001897, F = 939163.01, MPD = 0.2145) The distribution of IPD values for the correlative equations in different groups (IPD < 1, 1-2, 2-3, 3-4 and >4%) have been shown in Figure 1 . As can be seen approximately 70% of the calculated SP values have IPD lower than 1%. For the correlation equations the least MPD value (0.0500%) has been observed for mixtures of dimethyl sulfoxide with 2methylpropan-2-ol in correlation of E T N with composition and the highest MPD value (6.9591%) has been observed for mixtures of benzene with 2-methylpropan-2-ol in correlation of α with composition. As can be seen from statistics of the equations (R 2 , F, s.e and MPD), the proposed equations are very excellent (Table 1 ). In Figure 2 As expected, the model shows a strong correlation between predicted and experimentally measured values. The model did not show proportional and systematic error, because the slope (a = 1.003) and intercept (b = 0.0036) are not significantly different from unity and zero, respectively. It can be concluded that the CNIBS/R-K model is a good model to predict solvatochromic parameters of different aqueous and organic binary solvent systems in various compositions.
